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Tests comparing the pevformasce of 3 standard cylinder with 3 mydvo-
statice vor wsaring against an TRC designed ogual ares cylisder will we
published 18 & SwbsoQuani Tepest.
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The servvovalwe design that corvects for this navantsd condition in-
volves a differvnt design of e ocwilel ports in thé final stage dody.
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Ine lefr cylinder povt allows the hydraulic fluid to enter the fixed
center Lub¢ and apply pressure oo the closed end of the moving tube. The
1Rt cylinder povt conducts fluid iato the annular areca between (he moviog
tube 488 the flied outer Lube, and 3pplies pressufc oh Lhe annular area
projected By the fiamge. B proper sclectiion of design dimensions, 1t is
cleat thaet the cffective afed of (he ¢ loved eod of (he moviag tube can be .
e sl Lo ol AVETcfonl Trom the cffective arcd of (bhe annular §lange.
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PART 1. SMALL SCALE SYSTEM TESTS

Description of the Small Scale Test System

Figure 2 is 8 photograph of the small acale test system with a 350 lb.
load mass, With reference to Figures 3 and & we will describe the hydraulic
system used in the small scale svitem tests. Two standard hydraulic cylin-
ders with a bore of 2 1/2 inches and a atroke of 8 inches are connected
vppusing tn 4 horizontal position on a heavy bed plate. A supply of hydrau-
Liv Tluid at 2000 pel i+ (ed to the wervovalve under test. The return from
the scfvovalve flows through a calibrated check valve to maintain a return

pevaanure ! ) paij,

For usegual w3linder area tests, the cvlinder ports are connected to
the aefwvowalve g shown i Figufe 3 providing a ratfo of about 3:1. One
amall end «alinder porl je connected to an accumulator which can be charged

to peovide a pteboading fotee on the cylinder connections.

Fut the cgual selinder area towta Lthe large end cylinder ports are con-
e fed Az siown i Flgute &, preloading the cylinder mechanical connections
winde € nothal condit jone, Accutmulators are connected to the small end ports

to atovide 2 fotee to wnload the nechanical connections when desired.

Yrwasuty ftansdweta ate ptovided on cach of the servovalve outlet ports,
V fotve trancducet e Ineetied into the pin coupling the two opposing cylinder
tods, A gowar Satiable Differential iranaformer (LVDT) is attached to
the setvevalve apool to meaaute diaplacement, An acoustic feedback trans~
drecct je 3tached Lo the cviinder rod to measure cylinder displacement., An
weechetmetsat ie moumted en the mechanical connectfon between the opposing

culinder gonie to meaeute fotal acceletations,

The empll ecale teel acvatem avar tested in four combinations of servo-

valves and svlindet ateas. ihe following tests were run on each.
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\ppendivee tdont ifiod e Faflowe:

wmgendit A, il Sesie Sherap Feets
Commeteinal Tigh (aie Talwe wit? Tweguwel Cviindet Arepe
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Appendix B. Smal)l Scale System Tests
Franklin Lov Gain Valve vith Unequal Cylinder Areas

Appendix C., Smal)l Scale Systems Tests
Commevcial High Cain Valve with Equal Cylinder Areas

Appendix D. Small Scale System Tests
Franklin tovw Zain Valve vith tqual Cylinder Arcas

Analysis of the Small Scale System Test Results

Figuree S and & are the tesults of previous (esils on the small scale
eyslon without a sigailtcant load mass. This arrangenent vas intended to
emphasise the accelerations due Lo unvanted forcos doeveloped In the hydrav~
lic cylinder,

Figutes 5 and & ahow ¢ ditect conparioon of small scaie systems peor-
formance Al 0,10 hs, b thie case the whwsntied accelotationn o LuFnsround
ate O, 13g (ot the Bigh soln valve atd 0,104 Tot the low galn valve, The
high sain wive producee o wemsnted sccelefstion mote theh thiew tiloes
steatet than the jow soin wvalve,

Fhe nest entice af leele wete dove ok (he some swll scale system, But
with # 3% 1B, load nwes sdded. The auwss wae suppotted o fout Jinesr ball
Beatinie fidisg on gtowd awids toda, This clinissted sny side losding on
the «viindete asnd nininised friction. Ihe occeletometert for nessuting the
Fenlling weeletatjome e teunted o (e load tasa,  Thia strsngement
effeviivels ste o Wiemmate wanonied scceletations dee (o sputioun fotoen
developed In the cviindet,

Figutes 5 snd & compate the hehgviot of the two competitive setvos
valves (v the joaded vMali evale sveted st 2 freguemy ~f 0,10 Ky, YlNote
that the fow aaiv walve provides teswlte indicating 8 lowt leveil of tutes
atownd Rwmp (2,004 ve, @ 0%Y. Canpstinen of Figetes 7 snd 8§ vith Pigeres
3 ad & ehvw the effect of the sddition of the losd swes, The sccelerstions
ate attervmritad By 8 favtet of sere thaw 10,

Figntee 9 snd 1 shve the petfotamnce of the tew setvovsives st a vety

tow comtant velecity (R 19 fmicec), vhen an wwmnted scceletstion would be
et roticeable to 2 M ovbject, % thic csce the low galn valve keeps




the unwanted accelerations 1o less thas 0,000 (Figure 10) as conpared with
nearly 0.0% with the higt gals walve.

Yigures 1) amd 12 are the reauits of campetitive (este At 3 froguency
of 0.% nu. Agaie the comparison showe (hAt (he poal acceleratians 8t
turnaround are spprocimitely Ball a5 gredl ol wolng thw low 2R scPvo- .
valve,

Figutes 1) and 14 Hllnsirate ths effoct of wnlosded cYitnder couwpdings. .
Sote (thatl peah dccelerations of acarly 0.3)ig are golereied tegardloss of
the chatactefintive of the serfvovalives,

the wmil ecals clvcttubgpdtfonlic svsion wor srsewbind wnldet # Proviows
Mt Fotie ploject (o Jonommitsts the putlotpice of (wo aolpet J(Ive setrvos
valve deelighe, Rat eyetow wie Jesigved with o Ninidwh of moving Mewe Lo
emphacise the vwantod scveletatiome of (he o tamtot Suting opotalion,
he test feanite Jadicoted (Rt the Fetosiin low goln wptvovsive dediveted
svatem petfotmmve with cighliflicantls Joved wwattieod sicslstations then {he

commed: jal Bigh soin wtwon slve,

in Pegt § of the ptojet deectibed In thie teptt, o load aese of
P IR wee wided to the otigieml el sesle test sreten, e tests tuh
ndet the plevliome i Totve phollect oot tepugtead and 2inilst temuita
tevotded. [Deae teewlile canfitn thal the svated contsining the isw gain

srevnvalie Jejivete cwpetint petfotuine cotipated with the sveted contsin-
i the Migh gain servavaise, ey sise Lllvateste (e doed for prelosd-
ing eviindet ond commertiones, Compatison of these tesslts with the tesults
2f the ptevioue teste e thut the sdditions] joad ases on (e svatew scis
ra attenmiats wwemmted sceceletationme by 2 (actot of nestly 10,




PART 1. Fug SCALE STSTUM 1LYy

e ription of tae full ale 1edt Sprten

e 3fcnlt schmmatle of Ihe Full scdle test ¢ig 1o whawm 3n Figure 15,
the Rydfarel s swpdly 4f 1200 pol 3o fod (o (he actwovglve wilh a0 SCCUMV>
LRt B oMot g Pelodtlome, The fctatn 1. a0 the sctwovelve §laws
ERSowEh & calibfolad chucih selve fo MSINESIA @ 50 pal fetuiv pioseule, W
enfuoveive vl luf potis gfs cominx fod (Mfogh agusl j=ngihe of piping to the
WP toptiate criindet potle, he Mpdfontatjc Yeoting Jo fod fHoR (he adie

P iy EAfowgA sspatete [inee,

Tenonets (tomrduete afe domwt 2 of (ke avtlet potte of (he setvovslves,
M LEYE e mownted b saeh smirowtlire ool (o Mpesyts dlaplecolent, An
ok fredBacit 1hennbwet jo towiied Ineids (8 tod of the (ylindet to
meaeetec & futliot Jieplacetent , I scinlotofetst (e Mruted an ths iR ayps
POt iAL * HUOK TB, Joad Vo Mearwfe wuwanisd sicjetations of the pilot’s
tation, E% siec detovta compovente of gfevit) st (e suppatl SER NOves

R dioigh v et

the evvend gewetation teel tig ie Jeaianed (o toptwanhl, s» Westiy oo
plactival, o trpical csimwistor eclecttonitoulisc o tadton with twalistic loséd-
ing. It incindee o Linkh Mosned tinwisteot Jeubmalogy cviindet with o hydtros
etatie #°d Peatimg Tomted to P apev iflealin fot (heos testa, It fa dos
Tiatved to operale me A0 pef with 9 Mote of & imchea, o sttobe of 3% Inches
avd 2 Tewith ot newttel af 128 feihes,

the fall ewaie teal tig 1o Jhowm in Pigute 16, The cyiindet s nonin-
2bie hatirewtal, swtiog thtongh o ctork sechonion te swppott 8 totsl mess of
metotinetely L1393 Jhe, The amee fe teflected o o8 atatic lond on the cylinder
ae i¥ it were vettical swd eswppotting its shate of 8 typical iosd on s sywetgin-
tic sivadentecsnf+frecdan mtion soxten, Ue heliecve that the effects of o differ-
ence in cide londing on the cviindet dwe to the Jiffertent vector components of
weavity ie met cignificant in oot compatative tests,

the tink axtwetet has a velve asnifeold located sdjacent to the clevis~
vmd port, comver ted thtough a lewgth of katd piping to the rod end pott.
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IMie effangeMent it ledd (0 wwddiel disisiollane hepuss of (he nal~
cymmnlry of (he Mydrenils cifemdit. Uhetelois 3 mew valve maaifold was
Fobsteatod atd Aenvtisd Sldney Sulfoneh (he cplindet pofta 45 oW In
Frgets 3/,

he Tull scals toel 105 woeo sodledted I8 (uo confligufat lome: {1} wilh
e commetyial RIgh 418 sctwrvalos SR J) with (e P jow gald ssfve-
valve, Dol wiile Malll Seting Ihe Meoviows pMolecl., Ik following et

wE teefe wefe o8 o =gl

Wave Lotm ooy
Seat bty 0, 0 g
Fimemo fba 0,08 W
+ paageans b b 0, 0% WMo
S hmreeo bbb 0, i WMy
3 i e b 0, W Me
3 e e b o, W0 W
3 i e} 7 1000 Wtp
U favgwiat g 0if Mo
Lt fange lat O, 30 My
Fe bamgw ot Q,J0 we
qrrdte Vave o, 70 4a¢

Stabtiizetion of the fest System

Aftet (abtication and aceenbly af the full scsle test systen, s mulibet
2f teatet wete petformed (e jenlate the teamant clementa, then atiffen the
wtwcture yaed danpen the Medtemechanicel dynanic response. The systew could
then by progerly etabilited, at thete tevmins 2 lightly daped mechonical
trannance in the awppntt sttectote ot 20 Ne that aaplifies the scceletrations
measuted it the scceletometet statiow.

Full-Scale System fTest Meswits

Fisutes I8 and 19 shov the squete wave response of both competitive
svatems. This proves that the sycten ainor loop and msjor loop gains ate

-10-
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Aeafly Ihe sele, INwichy Lamlating Ihs Jiffetonies 10 perfomance (o Ihe

diftevoncean I8 dunign of s secrfvoudlve WAL Gpewi,. OG0 Gecald (IBIng
WINE SpPuas ol Chs Driiiom of (e CRBILG,

Figutue 20 ovd 1) hww the fonpatese of holh caonpst it ive eystome I
AN ldal WEion 8 0.0 Bests, Thie 16 By faF (e amet cfitIcal cane
Pecany the Pllct 1o Al commitive (0 SN ol Mo jerat lone Wiea (he
wniod accolutel lome 4fs Ssatf BRie (hfeninld of prfcopt lon,

Plantue I ond i) chww (he foupater of Woth competitive systoams Sui~
Ing cometant volov ity ((Fiongnlef vow Sline) ot 0.0 Jinec. I%is cane
almpiy liwmitotlon the weptiese of (e COMponenis of (e orston olhef
than the e troveive which 1o Dic. o OPe 8 ot Sitection of other, It
eleo allowe (e Wchmical viMtolions (o docer ond tvvadl (he (Fur oRoOth=
nees of opet st low,

Fignte c6 oind I3 oow the tesponer of Both conpetitive systems Ia
clmesnidel Motlon at 0.9 Nerte, This s tUhe frteguency (et s wond 18 (he
emuothacee tesle toquited wades Wil Pandetd 1338, Thia commsnded §te-

quency Is neinly evciting the Mechonical tesonae ot 20 e,

Fisniiv we show Figwtes 26 and 17 texotding the tesponse of Both con-
petitive syetemn ot standetil] (rero steady command signal). They iadicste
the cutstanding obility of both setvovalves (o tespond ond cottect for ten-
lom dietntbansee,

Flgutes 18 thtomgh 17 ste seaples of the complete set of tests tequited
te conpete the relative performance of the commercial high gatia setvovaive
design with the TR low gaile serwvaive design. The complete set is com-
tained in the Appendices, identified as follows:

Appendin E. Full Scale System lests
Commercial Righ Gala Valve

Agpendin P, Pull Scsle System lests
Franklin Lov Gain Valwe
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Mmalysis of whe fall Scgle Syrtem lest Bpsqlts

Frgusun 1B it i1 ouile (s Toiuits of towtie o8 1hs full scals
syniem dvestbled fo <ol Poflovfiics SIUN (e oMl Icia] RIigh o33N

wsfvwenlive el INe Foanit lin (o gala ssfvwriles .,

Figuten 19 4@ 17 ohuw (hs feaianis »0 (e Spelon weiAg wompes § (v
wiealven (0 & ¢ic Wi <IN oigtil with ¢ pod lod of 3 ascnonls,
te Lilnwttnton the felative imalice of the (o srpalomm. 3¢ ahouild
Fifel Do Muteod hef he fenpomes «omiaite & PIodoRinent §Heguew )y sfound
<) Retts, which hae Soon (il LElad @ (W fuachait (toguncy of (e
bt ints cufPutting the 240 Ih, Joad. VNeis slae (Al T4 Jo ety
Cightly datped. N wueslofumpist Jo Mmudied ok (hle aftw tWle, (hetes
fote Ine Mewentsd toogones cunfsine (Mle feuctani §toguency shlch, ohen
s ited By communcded Moticonw, «ob Mok (he (s wnweniod s s lietetion,

e teepunese to the opwtes weew cod ofe alddist Fot Uhe avatons
cenfaining the competitive cstvorsioee, MThie confitm (het (W Minet
wd mjot feedbacihk Lowpe have tuen adjunted (o componnete Tof Chelt
diffetont gaine.

Fiantees 10 and 1] sfe tevotdings st (he Jowsat sinusoidal test fre-
Suenv y whete sn eflfective Mydtsulic oy 1o acticeoble. Thia §o & ctitin
cal vace when the sltmlater plilot is mpet petceptive to wavanted sctelerss
tion, 2 this frequenny the peal af the wwessted wieletation In the

srelen neing the low gain valve is 0. 07)g compated to 9.0i2% fot the
high enin velve,

Figutee 1 and 1) show the petformance of the systed wsing the con
petitive setvevalves fat the cove of 8 vety low (0.20 in/wec) comstent
velocitv. Again thie je o rtitical case ohen the pllot 1s most petceptive
to wavanted sccelerstions. Compatieon of these figutes shows no significset
difference between svsten petformences. Vith both servwovsives the wa-
vanted peak scceletations at comstsat welocity sre 0.0038g.

Figutes 26 and 215 (llwsttate system tesponves st » sinescidal fre-
quency of 0.5 hettz. Iwn this case tae comunded sotion has a8 pesk ac-
celetation of 0.N1%g which siaply excites the teconsnt frequency of the




s il slfuninde, Retfelofe (N WA B lsd ol loRe el 4e
wpaseind K6 ha Sotel wunistiaollon S fovnidnd.

Figutun I6 ond !} ohww 1 el foauits of (s epeliol conleliing
«umpsi Ll bee entuavelene oIl ¢ ste oA SV@NA] . I (HLe cane S
St fuwniie ofn @ Watreds +f 1hs lomg (5sPH olahiliiy of Uhe symiam,
the fanulie (ARlcots it st o psd ol of Waie Chab | MR Relh
e olame wads SANEEMBi) Puiai, 1IN QNapN sl gk @usictat Lo of el
Mete KAhan 3. 00NNy MMeds Je W sIGnEfloant A1TEsdeis Wsinmel 1ts Gwe

*P RSN

ey I o Lyt e

"M b e tive of KVie padt of R phedeud que (o Welld O tead @
Fall 2 abe couc o pbdamiiic M lineptod spatal J4 o ol Jgut ot Jon topte:s
et gt i »F o seplbeenne siMuieted AWod Jaob Syalan Mje Mo Hmer g s

glialud @i 3 felc site Singut ielh caliadet Aunied I ¢ teel ¢tig witl

et s ot mete shistagtaly camitojiod W tar mmtweveiwe of Jiffeds
ent dwagm, N datar jo 9 oY bei dealgh with 8 high gein Tined
abage . e aeusngd $0 o Fraikile deelgr itttk o Joe anid fimel csteee
aprre . L Fall s age of tsete wets petfarand 1o caleete the et olasn e

E e esrwev g e, potticolotiv thelt ohilite (o Slninlre eenied

sl e i k1 g Fow v et ot iah e | Homped

e real tewwite jadicate thgt both setvavglves prtovide wvtetonding
crahiiire v ctgedetill (0.00%g) and shwethwens ot couniant velmc ity
(AN g The teeelte sler jadicate that, wndet the Bt rtitirel cop-
ity ne the Feanhiin low ¢ in setvonite eahibits signifi - ontls lewe
AT rode gl twhrateoond batp thal the cometcis] Miat goin design
CHLIE TR el B 3E3ade  Tw Tight of the fotogning ond the oteil »role
2e2v-m ccarta, ohjien cleatle dhve the sdventeges ~f tw o gele setve-

trlve, the vaw ~f the Tee aole decign in flight ciumister evtion avstemn
P4 ce conitiy nded
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Figwe 2. Pwtoprwh of Smil Scale Test Systen
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Figure 16. Photograph of Full Scale Test System
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A

Small Scale System Tests,
Commercial High Gain Valve with Unequal Cylinder Areas
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